The Cl inic a l Probl e m
Hypertension is defined as a systolic pressure of 140 mm Hg or greater or a diastolic pressure of 90 mm Hg or greater. 1 Without treatment, approximately 30% of people over the age of 20 years in the United States have hypertension. 2 The prevalence increases markedly with age, such that approximately two thirds of those over 60 years of age have hypertension. 3 In the Framingham Heart Study, hypertension eventually developed in more than 90% of the participants who had had normal blood pressure at the age of 55 years. 4 The pattern of blood-pressure elevation in the U.S. population also changes with age ( Fig. 1) . 3 Before reaching 50 years of age, most people with hypertension have elevated diastolic pressure. 5 After the age of 50 years, as systolic pressure continues to rise and diastolic pressure tends to fall, isolated systolic hypertension predominates (Fig. 2) .
The risk of cardiovascular disease increases progressively and continuously with increases in systolic or diastolic blood pressure, approximately doubling for every 20/10 mm Hg incremental increase in blood pressure that occurs within the range of 115/75 to 185/115 mm Hg. 6 This increase in risk occurs independently of other risk factors for cardiovascular disease, which frequently cluster with hypertension and compound the risk. 7 Elevated systolic blood pressure is more important than elevated diastolic pressure as a risk factor for both cardiovascular and renal disease. 8 Isolated systolic hypertension may occur in conditions associated with elevated cardiac output, such as anemia, hyperthyroidism, aortic insufficiency, arteriovenous fistula, and Paget's disease of bone. 9 However, most cases are caused by reduced elasticity and compliance of large arteries resulting from age and from the atherosclerosis-associated accumulation of arterial calcium and collagen and the degradation of arterial elastin. Stiffened conduit arteries cause an increase in the rate of return of reflected arterial pressure waves from the periphery, thereby raising the peak systolic pressure. 10 The blood-pressure elevation itself can promote further arterial stiffening and impair endothelium-dependent vasodilatation. 11, 12 Despite the well-recognized benefits of bloodpressure reduction, in the most recent U.S. National Health Survey (2003 Survey ( -2004 , only 37% of patients being treated for hypertension had bloodpressure levels below 140/90 mm Hg. 2 The low control rate is largely attributable to inadequate management of systolic hypertension. 1,3
S t r ategie s a nd E v idence

Evaluation
The initial evaluation of the patient with systolic hypertension should include an assessment for the presence of other cardiovascular risk factors, end-organ damage, concomitant diseases affecting prognosis and treatment, identifiable causes of hypertension (e.g., hyperthyroidism), and potentially contributing lifestyle factors (diet and exercise). 1 Physical examination should include assessment of optic fundi, thyroid, heart, lungs, kidneys, peripheral pulses, and the neurologic system, with attention to signs of aortic insufficiency, hyperthyroidism, or Paget's disease of bone. In rare cases, peripheral arteries may become so rigid that measuring blood pressure with the standard arm cuff may lead to an overestimate of arterial pressure because of incomplete compression of the brachial artery. 13 Such pseudohypertension should be considered particularly in those patients whose hypertension does not respond to therapy as expected or who have postural symptoms with treatment.
Routine laboratory and electrocardiographic studies should be performed to evaluate cardiovascular risk. Laboratory tests should include urinalysis, measures of blood glucose and hematocrit, serum potassium level, estimated glomerular filtration rate, 14 and lipoprotein profile.
Evidence Supporting Treatment of Isolated Systolic Hypertension
Several clinical trials have shown the cardiovascular benefits of reducing systolic pressure in patients with isolated systolic hypertension. In the Systolic Hypertension in the Elderly Program (SHEP), treatment with the diuretic agent chlorthalidone for an average of 4.5 years in patients with systolic blood pressure of 160 mm Hg or greater and diastolic pressure below 90 mm Hg resulted in impressive reductions in the incidence of stroke (−36%), coronary heart disease (−27%), and congestive heart failure (−55%), as compared with placebo. 15 Two large clinical trials using the calcium-channel blocker nitrendipine in patients with isolated systolic hypertension showed benefits broadly similar to those seen in the SHEP trial. In the European Trial in Systolic Hypertension and in the Systolic Hypertension in China Trial, treatment was associated with decreases in the incidence of stroke (−42 and −38%, respectively), coronary heart disease (−30 and −6%), and congestive heart failure (−29 and −58%). 16, 17 A meta-analysis of eight trials involving several drug regimens in patients 60 years of age or older with systolic pressure of 160 mm Hg or greater and diastolic pressure below 95 mm Hg showed that antihypertensive therapy administered for an average of 3.8 years reduced total mortality by 13% and mortality due to cardiovascular disease by 18%. In addition, all complications of cardiovascular disease were reduced by 26%, stroke by 30%, and coronary heart disease events by 23%. 18 M a nage men t
The therapeutic approach and goals for isolated systolic hypertension are similar to those recommended for most other types of hypertension ( Fig. 3) . 1,9 The recommended target level of blood pressure is below 140/90 mm Hg, except in patients with diabetes or chronic renal disease, for whom a lower goal (130/80 mm Hg or lower) is advised.
Lifestyle changes
The lifestyle modifications recommended for patients with isolated systolic hypertension are the same as those for patients with other forms of hypertension, 1,19 including weight reduction, restriction of dietary sodium, adoption of the Dietary Approaches to Stop Hypertension (known as DASH) eating plan (a diet rich in fruits, vegetables, and low-fat dairy products and low in saturated and total fat), increased physical activity, and moderation of alcohol intake (no more than the equivalent of two drinks per day for men and one for women). These interventions not only reduce blood pressure but also favorably affect other risk factors for cardiovascular disease, such as the dyslipidemia, abdominal obesity, and diabetes that characterize the metabolic syndrome. 20
Drug Treatment
Five major classes of antihypertensive drugs are most useful: diuretics, β-adrenergic blockers, angiotensin-converting-enzyme (ACE) inhibitors, angiotensin-receptor blockers, and calcium-channel blockers. Each has been shown in clinical trials to reduce cardiovascular events. [15] [16] [17] [21] [22] [23] [24] When used in recommended dosages, their mean effects on blood pressure are similar, 25 although individual patients may have different responses to each drug. In approximately two thirds of patients with hypertension, two or more drugs will be required to achieve target blood-pressure levels. The current Joint National Committee guidelines 1 recommend thiazide diuretics as initial drug therapy for most patients with hypertension, on the basis of their proven efficacy in reducing blood pressure and cardiovascular complications in clinical trials and their low cost. Other antihypertensive medications are preferred initially when there are certain coexisting conditions. For example, in patients with hypertension and chronic kidney disease, compelling evidence from clinical trials supports the use of either an ACE inhibitor or an angiotensin-receptor blocker, 26-28 and for patients who have had myocardial infarction or heart failure, a beta-blocker and an ACE inhibitor are preferred. 29, 30 Elderly men with both hypertension and benign prostatic hypertrophy are often treated for urinary symptoms with an α-1-receptor antagonist, which can help control the hypertension but may increase the risk of orthostatic hypotension. Nevertheless, despite some important differences between antihypertensive medications, the major benefits of therapy are related to the reduction of blood pressure rather than to other specific drug actions.
Thiazide-type diuretics can induce carbohydrate intolerance and diabetes, 31 effects that are greater in patients in whom hypokalemia develops. 32 However, the clinical importance of such adverse effects is uncertain, given clinical trial data showing that thiazides are at least as effec- The current debate over initial drug use notwithstanding, most patients with hypertension should end up receiving a diuretic as part of their regimen, since more than one drug is usually required to achieve blood-pressure control and since diuretics complement the action of the other drugs so well. The use of beta-blockers as first-line therapy for elderly patients with hypertension has been questioned recently. A meta-analysis of intervention trials for hypertension showed a 16% higher incidence of stroke among patients treated with traditional beta-blockers (primarily atenolol) than among those treated with other antihypertensive medications. 34 The lesser benefit from beta-blockers could be related to a smaller reduction in blood pressure. In a recent study of patients treated with atenolol, blood pressure measured by standard cuff techniques overestimated the pressure reduction by 4.5 mm Hg as compared with aortic pressure calculated from applanation tonometry and radial-artery waveforms 35 ; in contrast, with a calcium-channel blocker, ACE inhibitor, or diuretic agent, the effects on central aortic-and brachial-artery pressures were similar. 36 Initial therapy with beta-blockers in elderly patients should probably be limited to those with compelling indications, such as coronary heart disease, myocardial infarction, congestive failure, or certain arrhythmias. No data are available yet on whether such restrictions should apply to the newer beta-blockers with peripheral vasodilator properties.
Strategies for Improving Blood-Pressure Control
Inertia on the part of physicians and a reluctance to treat systolic hypertension are important factors limiting optimal control of blood pressure. 37 Many physicians do not give adequate doses of antihypertensive medications or do not use a combination of drugs to achieve the target pressure. Factors that adversely affect adherence to treatment include inadequate patient education, physician empathy, and social support; the presence of coexisting diseases; complex dose regimens; problems with transportation of the patient; and the cost of medications. 9 Participation by ancillary staff, including nurse clinicians, physicians' assistants, and pharmacists, has been shown to be effective in improving blood-pressure control. 38 Most elderly patients tolerate antihypertensive medications well, although a low starting dose and a gradual rate of increase in the dose (e.g., every 2 to 4 weeks) is prudent, particularly in frail and relatively immobile patients and in patients with diabetes, since both groups are at increased risk for orthostatic hypotension and associated falls. 39, 40 Guidel ine s
The Joint National Committee guidelines, which have been endorsed by several professional organizations, including the American Medical Association, the American Heart Association, and the American Society of Hypertension, recommend thiazide-type diuretics as initial drug therapy for most patients with isolated systolic hypertension unless there are specific contraindications for their use. 1 Compelling indications discussed above warrant initiation of therapy with an ACE inhibitor, angiotensin-receptor blocker, calcium-channel blocker, or beta-blocker. The addition of a drug from another class is required if the target blood pressure is not achieved (Fig. 3) .
The joint guidelines of the European Society for Hypertension and the European Society of Cardiology do not give preference to diuretics and recommend any of the five major classes of antihypertensive drugs for first-line therapy. 41 Recent guidelines from Great Britain argue against the use of both diuretics and beta-blockers for initial therapy and favor ACE inhibitors, angiotensinreceptor blockers, or calcium-channel blockers. 42 Despite some differences in recommendations, all of these guidelines emphasize that the major benefits of therapy are related to lowering blood pressure and controlling hypertension.
A r e a s of Uncer ta in t y
Whether lowering diastolic blood pressure is harmful to some patients with isolated systolic hypertension is uncertain. Myocardial perfusion occurs during diastole, and excessive reduction of diastolic pressure could be detrimental in those with coronary artery disease. Several studies have suggested that a diastolic pressure below 60 mm Hg, particularly in patients with documented coronary disease, may be associated with an increased risk of myocardial infarction and death (the socalled J-curve phenomenon). [43] [44] [45] [46] However, a metaanalysis of clinical trials indicated that the in- creased risk of coronary events at low diastolic pressure was not related to the treatment or the pressure levels and was probably explained by serious illnesses that were causing the low blood pressure. 47 Although reducing diastolic pressure to very low levels might be harmful in some cases, the overall benefits of antihypertensive therapy in patients with isolated systolic hypertension, including the reduction in coronary heart disease, are well documented.
The effects of treating hypertension in patients older than 80 years of age are unclear because few intervention studies have been performed in hypertensive patients in this age group. In a prospective observational study of 85-year-old patients followed for approximately 4 years, those with the lowest blood pressures had the highest mortality, 48 but this result might reflect confounding by poor health status. In the pilot phase of the Hypertension in the Very Elderly Trial, whose subjects had an average age of 84 years at enrollment, the incidence of stroke after 13 months was 53% lower among subjects receiving a thiazide diuretic or lisinopril than among those receiving placebo; however, total mortality was 23% higher with treatment (not a significant difference). 49 The full study is in progress. A similar trend toward increased mortality with antihypertensive therapy has been apparent in other small trials involving the very old. 50 In a study of ambulatory patients 80 years of age or older whose blood pressure was controlled to levels below 140/90 mm Hg, patients with lower blood-pressure levels had lower 5-year survival rates than did those with higher blood pressures. 51 The effect of antihypertensive therapy on the incidence of dementia is also uncertain. In the Systolic Hypertension in Europe trial, the incidence of dementia was approximately 50% lower among drug-treated patients than among controls. 52 The favorable effect of treatment appeared to be related in part to the reduction in the incidence of stroke. No significant effect of therapy on cognition was evident in the SHEP trial. 53 However, observational data from the HonoluluAsia Aging Study of Japanese-American men suggested that the risks of dementia and Alzheimer's disease were lower among the men who were treated for hypertension than among those with untreated hypertension, and the differences increased with an increased duration of therapy. 54 It is reassuring that no deterioration of mental function was noted in these trials.
No intervention studies have been conducted to assess the benefits of treatment in patients with systolic blood pressure between 140 and 159 mm Hg. The treatment recommendations for this group are based primarily on epidemiologic data demonstrating a substantial increase in the risk of cardiovascular disease.
In untreated elderly patients with hypertension, pulse pressure (the difference between systolic and diastolic pressure) has been reported to be a better indicator of the risk of cardiovascular disease than systolic blood pressure. 55 However, its added usefulness in predicting risk appears to be minimal, and no clinical trial data are available on the benefits of reducing pulse pressure.
C onclusions a nd R ec om mendat ions
Isolated systolic hypertension is a major risk factor for cardiovascular disease and renal disease, and abundant data are available to justify intensive efforts to manage systolic pressure. In most older patients, elevation of systolic blood pressure occurs because of reduced elasticity of conduit arteries. Initial evaluation can generally be limited to assessment of lifestyle and identification, by means of the history, physical examination, and routine laboratory tests, of concomitant disorders that influence prognosis and therapy. The patient described in the case vignette has stage 2 hypertension (systolic blood pressure ≥160 mm Hg), and prompt initiation of drug treatment is appropriate. Nonpharmacologic interventions should also be recommended and can reduce the number and dosage of blood-pressure medications required. I would treat his hypertension initially with a thiazide-type diuretic, unless the workup reveals a compelling indication for use of another antihypertensive drug. Initial follow-up can be carried out at approximately monthly intervals until the target blood pressure of less than 140/90 mm Hg is achieved. If a second or third drug is required, an ACE inhibitor, angiotensin-receptor blocker, calcium-channel blocker, or beta-blocker can be added; the choice will depend on the patient's clinical status and the clinician's experience. A tablet combining the selected drugs is often desirable.
Once the target blood pressure is achieved, follow-up can occur every 3 to 6 months, unless coexisting conditions require more frequent assessment. Serum potassium, creatinine, and blood 795 glucose levels should be measured at least annually. Low serum potassium levels should be managed with potassium supplementation, use of a potassium-sparing diuretic, or both. Other risk factors for cardiovascular disease should be treated to achieve target levels, and smokers should be urged to participate in a smoking-cessation program.
